INTRODUCTION
In order to meet the increased thermal stresses that future advanced aircraft will place on currently used esterbased liquid lubricants, new lubricants will have to be developed. If a suitable replacement for ester-based lubricants cannot be found, then one must use a different lubrication method other than the current conventional method of circulating bulk lubricant (stored in a sump) through a lubricating system which contains cooling and filtering elements. Vapor phase lubrication (VPL) may be a viable alternative.
NASA Better results were recorded when compared to similar runs using TCP. One noted drawback was that temperatures greater than 400°C were required for the C-ether to function effectively. A low contact Hertzian pressure (1.2 MPa) was used in this study and it is believed that the C-ether could function at lower temperatures if a higher Hertzian pressure were used. Nevertheless, a vapor phase lubricant should function effectively over both a wide temperature and Hertzian pressure range.
If C-ether EA is a major factor in the formation of friction polymer under boundary lubrication, then perhaps by changing the C-ether's EA we could lower the operating temperature where they begin to function as effective vapor phase lubricants. Adding different substituent groups to the phenyl rings of the C-ether will change its EA. A semi-empirical molecular orbital study was undertaken to asses a preliminary set of substituents which could alter the C-ether's EA. The more promising substituents will then be incorporated into the C-ethers in future work and the resulting substituted C-ethers will be tested under tribological conditions.
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CALCULATIONAL DETAILS
Optimized structures and total electronic energies ofuncharged and radical anionic species were calculated using HyperChem 4.5ona 133 MHzPentium-based personal computer. OnlyAM1semi-empirical calculations were performed using theRestricted Hartree-Fock (RHF) option, and theUnrestricted Hartree-Fock (UHF) option when needed. Theconvergence criterion forenergy minimization wasselected sothatthechange intotal energy on successive iterations wasless than0.001 kcal/mol-A. Electron affinities were estimated asthenegative ofthe energy difference between theanion and uncharged molecules; nocorrections forelectron correlation were made.
Trialcalculations suggested thatenergy changes duetothermal effects were negligible, sosuch corrections were not included intheEAcalculations.
Initially, diphenyl sulfide ( There are two immediate observations from these results. First, the effect of a substituent on the predicted electron affinity was a general one for this family of compounds, and the effect was modified little by substituent position on the phenyl rings. Second, the comparison of Tables I and II showed that the molecule diphenyl sulfide was an acceptable qualitative model for the electron-accepting abilities of C-ethers. There is some quantitative match also, but we hesitate to belabor that issue due to the variances underlying these calculations.
The results of these molecular orbital calculations clearly indicated that the NO 2, F, and I substituent groups increased the C-ether's EA by the greatest amount, whereas the CH 3 and OH groups altered the C-ether's EA only slightly. Thus, future chemical modification of the C-ethers should center on the incorporation of the NO 2, F, and I groups onto the phenyl rings of the C-ethers. Properties such as stability, toxicity, etc. must be assessed so any substituted C-ether formulation found to be unreasonably dangerous can be eliminated from VPL tests. Tribological NASA TM-113178 4
